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ABILITY OF T2 MAPPING TO EVALUATE CARTILAGE REPAIR AFTER
ALLOGENIC CHONDROCYTE IMPLANTATION FOR OSTEOCHONDRAL
LESION
J. Endo, Sr. y, A. Watanabe z, T. Sasyo y, K. Takahashi y, S. Yamaguchi y,
R. Akagi y, Y. Muramatsu y, S. Mukoyama y, Y. Akatsu y, J. Katsuragi y,
T. Fukawa y. yChiba Univ., Chiba, Japan; zDept. of Orthopaedic Surgery,
and Radiology, Teikyo Univ. Chiba Med. Ctr. Hosp., Chiba, JapanPurpose: The chondrocyte implantation technique has been
employed for the treatment of cartilage defects. To date, the quanti-
tative evaluation of repaired tissue has only been achieved by invasive
methods, such as second-look arthroscopy with biopsy. In recent
years, several qualitative magnetic resonance imaging (MRI) tech-
niques have been developed to monitor the status of the cartilage
matrix. Quantitative T2 mapping of MR images is a widely used
method to evaluate the degeneration of cartilage associated with
osteoarthritis. However, the validity of T2 mapping regenerated
cartilage after chondrocyte implantation is unclear. The aim of this
study is to investigate the ability of T2 mapping to evaluate the quality
of repaired tissue following allogenic chondrocyte implantation for
osteochondral lesions.
Methods: Chondrocytes obtained from the articular cartilage of New
Zealand White rabbits were cultured in three-dimensional (3D) struc-
ture scaffolds for 2 weeks in vitro. Subsequently, an osteochondral
defect (diameter, 4 mm; depth 3 mm) was initiated in the bilateral
femoral trochlea of 10 rabbits. The defects were ﬁlled with a chon-
drocyte-seeded scaffold (CS scaffold) in the right knee and with an
empty scaffold (control) in the left knee. The rabbits were euthanized at
4 and 8 weeks, postoperatively. T2 mapping was performed with a 1.5 T
MRI system. The results of T2mapping were comparedwith histological
and biochemical assessments.
Results: Histologically, eight weeks after allografting, the defects were
completely ﬁlled with reparative tissue resembling the hyaline cartilage
of the CS scaffold group. In contrast, the defects were ﬁlled with ﬁbrous
and granulated tissue in the control group at 8 weeks. (Graphic 1) The
mean modiﬁed Wakitani scores were 1.8  0.5 and 4.2  0.9 in the
control groups and 4.5  0.8 and 8.5  1.3 in the CS scaffold groups at 4
and 8 weeks, respectively. (Graphic 2) The biochemical assessments
were evaluated by glycosaminoglycan (GAG) assay. The GAG content at
8 weeks increased in both groups compared to that at 4 weeks. A larger
increase was observed in the CS scaffold groups than in the control
groups. (Graphic 3) The mean T2 values were around 100 ms at 4 weeks
in both groups. These values decreased at 8 weeks in both groups. A
larger decrease was observed in the control groups (39 ms) than in the
CS scaffold groups (78 ms). (Graphic 4) No correlations were observed
between the modiﬁed Wakitani scores, the GAG content, and the T2
values.
Conclusions: The T2 values decreased to almost normal levels, though
the defects were ﬁlled with ﬁbrous and granulated tissue at 8 weeks
compared to 4 weeks in the control group. This may reﬂect the gran-
ulation's T2 values. On the other hand, the T2 values also decreased at 8
weeks compared to 4 weeks in the CS scaffold groups and the defects
were completely ﬁlled with reparative tissue resembling hyaline
cartilage. This may reﬂect that the repair cartilage matured. These
results suggest that T2 mapping might not necessarily reﬂect the
differentiation of repair tissue after allogeneic chondrocyte implanta-
tion. The combined use of T2 mapping with other quantitative MRI
methods, such as delayed Gd-DTPA enhanced MRI of cartilage (dGEM-
RIC) or T1r mapping, may be effective in the investigation of cartilage
regeneration.Ă
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Baseline Baseline P1 P1 POP1 Slope Slope
HR 95% Conﬁdence
Interval)
HR CI(95% Conﬁdence
Interval)
HR CI(95% Conﬁdence
Interval)
HR CI(95% Conﬁdence
Interval)
Femur vector 1.46 1.08–1.97 1.48 1.21–1.82 2.03 1.60–2.57
Tibia vector 1.14 0.90–1.45 1.15 0.96–1.39 1.28 1.04–1.57
Patella vector 1.01 0.85–1.19 1.1 0.90–1.33 1.28 1.00–1.62
Area models
P0 to P1 change,
as % of baseline
Slope of change,
as % of baseline
HR 95% CI HR 95% CI
Medial Femur 1.71 1.44–2.03 2.07 1.63–2.64
Lateral Femur 1.29 1.16–1.45 1.30 1.13–1.49
Medial Tibia 1.43 1.23–1.67 1.78 1.41–2.25
Lateral Tibia 1.36 1.20–1.54 1.54 1.29–1.84
Medial patella 1.17 1.08–1.27 1.30 1.17–1.45
Lateral patella 1.19 1.09–1.30 1.41 1.23–1.62
Notch 1.40 1.15–1.71 1.38 1.14–1.66
Lateral trochlea 1.46 1.13–1.89 1.22 1.03–1.46
Medial trochlea 3.97 2.38–6.63 1.89 1.50–2.3691
DOES BONE SHAPE PREDICT THE DEVELOPMENT OF INCIDENT KNEE
OA?
D.J. Hunter y, M. Bowes z, R.M. Boudreau x, M.J. Hannon x, K.C.
Kwoh x. yUniv. of Sydney, St Leonards, Australia; z Imorphics,
Manchester, United Kingdom; xUniv. of Pittsburgh, Pittsburgh, PA, USA
Purpose: Subchondral bone is pivotally involved in the pathogenesis of
OA. Previous studies suggest that subtle alterations in joint shape at
both the hip and knee may be involved in the pathogenesis of OA. At
this point it is unclear if bone area and 3D shape predicts the devel-
opment of knee OA. The objective of this study was to investigate if
bone area or 3D shape and changes in these parameters precede and
predict the development of incident radiographic OA (ROA).
Methods: The participants in this nested case-control study were
selected from the Osteoarthritis Initiative (OAI) incidence subcohort.
This subcohort contained individualswho; despitehaving risk factors for
OA; did not have ROA in the target knee at baseline. Participants were
assessed by knee radiographs and non-contrast magnetic resonance
imaging (MRI) using the OAI protocol, over a four-year period. Cases
were individuals who developed ROA during the study deﬁned as
Kellgren and Lawrence grade (KLG) of >¼2 on the PA view ﬁxed ﬂexion
radiographs. The controls (i.e, did not develop incident ROA over the
four-year period)werematched 1-1 byage group (withinﬁveyears), sex,
and baseline KLG status. Participantswere evaluated annually by clinical
examination, knee radiographs and magnetic resonance imaging (MRI)
performedusing theOAI protocol. Analysis of bone shapewas performed
using statistical appearance models built from MR images using the
DESS-we imaging sequence from baseline images released by the OAI.
Two measures of bone shape were used as predictors (1) the change in
tAB area on themedial and lateral femur, tibia and patella, from baseline
to 24 months and (2) the change in position on linear discriminant
vectors for the femur, tibia and patella bones. Linear discriminant anal-
ysis was performed on the principal components of bone shape from an
independent training set, consisting of 300 individual kneeswith OA (KL3-4) and 300 without (KL 0). This process identiﬁes the shape difference
which best discriminates the 2 groups. The 3D bone shape of each
segmented bone surface in the test set is projected orthogonally onto the
LDA vector. Distance along the LDA vector is normalised, with the mean
OA shape represented as +1, the mean non-OA shape as -1. Survival
analysis using discrete-time Cox Proportional Hazards Regression was
used to estimate the hazard ratios (HR) of predicting incident ROA.
Speciﬁc timepoints and longitudinal change HRs for each key predictor
weremodeled: at the timepoint 1 year prior to incident ROA (P1), change
fromP1 to the timepoint concurrentwith incident ROA (P0), the baseline
and the slope from baseline to 24 months.
Results: A total of 636 knees (318 controls and 318 cases) were assessed.
67% of the sample were female, the mean age was 60.1 (SD8.5) years,
mean BMI 28.3kg/m2 and 29% had a previous joint injury. Table 1
presents the adjusted HRs representing the change in risk of developing
incident OA per one standard deviation change in bone shape markers.
Table 2 presents the adjusted HRs representing the change in risk of
developing incident OA per unit change in bone area markers. The HRs
for femur shape at baseline and P1, and shape changes in all three
compartments ranged from 1.24 to 2.03, and HR changes in area ranged
from 1.17 to 3.97, and were all highly signiﬁcant. The changes in shape
were most strongly predictive in the femur vector and for change in
shape, rather than for cross sectional assessment. The changes in bone
area were most predictive on the medial side of the joint.
Conclusions: Changes in bone area and shape markers clearly precede
and predict the development of incident ROA. Alteration in bone area
and shape are potent predictors of disease development and there
should be a commensurate greater focus on these parameters for
therapeutic target development.92
DIRECTIONAL FRACTAL SIGNATURE ANALYSIS OF TRABECULAR BONE
TEXTURE AND THE RISK OF INCIDENT RADIOGRAPHIC KNEE
OSTEOARTHRITIS: THE MOST STUDY
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Purpose: Directional fractal signature (DFS) calculates the roughness
and directionality of trabecular bone (TB) texture regions at individual
scales. Previous studies suggested that fractal signatures (FSs) change
